Electronic Version 
Stylesheet Version vl.1.1 

Description 

VERTICAL DRAM AND FABRICATION 

METHOD THEREOF 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The invention relates to a vertical DRAM and a fabrication 
method thereof, and more particularly, to a vertical DRAM 
with annular sources/drains and annular channels and a 
fabrication method thereof. 

[0003] 2. Description of the Prior Art 

[0004] with the development of modern technology, integration 
circuits and electrical products have been pushed for size 
reductions to match the trend of high integration and high 
density. In a conventional planar trench capacitor DRAM, 
the source, gate, and drain of a MOS transistor are hori- 
zontally located on the surface of the substrate. The dis- 
tance between the source and the drain determines the 
length and width of the channel of the gate, which is an 



important factor affecting the design of the size of the 
MOS transistor. In a conventional design, the distance be- 
tween the source and drain occupies larger area and may 
limit the improvement of the integrations of the semicon- 
ductor elements. Therefore a vertical transistor structure 
is produced. 

[0005] Generally speaking, the fabrication of a vertical transistor 
structure involves etching the substrate for producing a 
deep trench, fabricating a trench capacitor in the deep 
trench, and locating the drain, gate, and source vertically 
in the deep trench so that a vertical channel is formed in 
the upper portion of the deep trench to reduce the hori- 
zontal area per transistor. Since a plurality of vertical 
transistors arranged in a matrix form a vertical DRAM, the 
vertical transistor can raise the integration of the semi- 
conductor elements. The prior-art fabrications of the ver- 
tical DRAM have been disclosed in US patent NO. 
6,583,462 and US patent No. 6,608,168. 

[0006] However, the prior-art vertical DRAM has a disadvantage 
that the width of the channel is too narrow, especially 
when the size of the trench capacitor is smaller O.lum. A 
narrow width of the channel may cause the sufficient cur- 
rent to be too small, resulting in a bad performance of the 



DRAM. According to the prior-art vertical DRAM, after 
fabricating the capacitor and transistor in the deep trench, 
most of the upper portion of the deep trench is removed 
for forming the shallow trench isolation (STI) and defining 
the active area. Therefore the gate conductive layer, drain, 
and source of the transistor, and even the capacitor, can 
only use a portion of the sidewall of the deep trench. As 
result, the size of the gate conductive layer, drain, and 
source fix the width of the channel, formed as the transis- 
tor opening, in a small portion of the sidewall of the deep 

trench. 
Summary of Invention 

[0007] it i S therefore a primary objective of the claimed invention 
to provide a vertical DRAM with wider channels of transis- 
tors and a related fabrication method to solve the above- 
mentioned problem. 

[0008] According to the claimed invention, the vertical DRAM 

comprises a substrate with at least a deep trench, a trench 
capacitor, a source-isolation oxide layer, and a vertical 
transistor. The deep trench has an upper trench portion 
and a lower trench portion separated by the source-iso- 
lation oxide layer. The trench capacitor is located in the 
lower trench portion of the deep trench. The trench ca- 



pacitor comprises a storage node, a capacitor dielectric 
layer, and a buried plate. The vertical transistor comprises 
an annular source, an annular drain, a gate conductive 
layer, and a cylindrical gate dielectric layer. The annular 
source is located in the substrate next to the source- 
isolation oxide layer and circularly encompasses the side- 
wall of the deep trench. In addition, the annular source is 
electrically connected to the storage node. The gate con- 
ductive layer is filled in the upper trench portion and elec- 
trically connected to a first contact plug. The cylindrical 
gate dielectric layer is located on the surface of the side- 
wall above the source-isolation oxide layer between the 
gate conductive layer and the substrate. The annular drain 
circularly encompasses the deep trench near the surface 
of the substrate and is electrically connected to a second 
contact plug. 

[0009] it is an advantage of the claimed invention that each of 
the deep trenches only contains a memory cell of the 
present invention vertical DRAM, so that the vertical tran- 
sistor of each of the memory cells can sufficiently utilize 
the sidewall of the deep trench for arranging an annular 
source and an annular drain. Therefore the channel 
formed when the gate is opened can also have a circular 



shape as the annular source and drain. The annular chan- 
nel has an obviously wider width so that the sufficient 
current of the transistor is raised to match the require- 
ment of DRAM and increase the yield of products. Fur- 
thermore, the capacitor and the transistor of a memory 
cell of the present invention are all filled in the deep 
trench, and the contact holes for locating contact plugs 
are fabricated by a self-alignment process, so that the 
spacing of the occupied area of each of the memory cells 
can be reduced to further increase the integration of the 
DRAM. 

[0010] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0011] pig.l is a schematic diagram of a vertical DRAM according 
to a preferable embodiment of the present invention ver- 
tical DRAM. 

[0012] Fig. 2 to Fig. 10 are schematic diagrams of the fabrication 
method of the vertical DRAM shown in Fig.l according to 
the present invention. 



Detailed Description 

[0013] please refer to Fig.l. Fig.l is a schematic diagram of a 

vertical DRAM 100 according to a preferable embodiment 
of the present invention vertical DRAM. The vertical DRAM 
100 comprises a substrate 110 with a plurality of deep 
trenches 120, a trench capacitor 166 formed in an lower 
trench portion 162 of the deep trench 120, a vertical tran- 
sistor 168 formed in an upper trench portion 160 of the 
deep trench 120, and a source-isolation oxide layer 130 
between the vertical transistor 168and the trench capaci- 
tor 166 for isolating the vertical transistor 168and the 
trench capacitor 166. The substrate 110 further comprises 
a P-type well 112. The deep trench 120 locates from the 
surface of the substrate 110 through the P-type well 112 
and extends downward. Each of the memory cells of the 
vertical DRAM 100 locates in a deep trench 120. The drain 
and gate of the vertical transistor of each memory are 
electrically connected to a bit line and a word line (not 
shown) arranged on the substrate to form the memory 
matrix. For illustrating the present invention, Fig.l only 
shows one deep trench 120. The deep trench 120 has an 
upper trench portion 160and a lower trench portion 162 
approximately separated by the source-isolation oxide 



layer 130. The deep trench 120 also has a trench sidewall 
164. In addition, the substrate 110 further comprises a 
STI 146 located surrounding the deep trench 120 for iso- 
lating the memory cell in the deep trench 120. As shown 
in Fig.l, STI 146 does not overlap the deep trench 120. 

[0014] The trench capacitor 166 comprises a capacitor dielectric 
layer 122' covering the surface of the trench sidewall 164 
of the lower trench portion 162, a storage node 124' fill- 
ing the lower trench portion 162, a buried platell4 lo- 
cated in the substrate 110 surrounding the lower trench 
portion 162, and a buried strapl26' located above the ca- 
pacitor dielectric layer 122' and electrically connected to 
the storage node 124' and the annular source 128, 
wherein the capacitor dielectric layer 122' isolates the 
storage node 124' and the buried plate 114. The source- 
isolation oxide layer 130 is located above the storage 
node 124', the buried strap 126', and the capacitor dielec- 
tric layer 122'. And the source-isolation oxide layer 130 
separates the trench capacitor 166 from the elements in 
the upper trench portion 160. 

[0015] The vertical transistor 168 comprises an annular source 
128 located in the substrate 110 next to the source- 
isolation oxide layer 130 and circularly encompassing the 



deep trench 120, a gate conductive layer 134 filling the 
upper trench portion 160, a cylindrical gate dielectric 
layer 132 circularly encompassing the gate conductive 
layer 134, and an annular drain 148. The annular source 
128 is electrically connected to the buried strap 126'. In 
this embodiment, the annular source 128 is an ion diffu- 
sion area. The gate conductive layer 134 is electrically 
connected to a polysilicon conductive layer 144. The 
polysilicon conductive layer 144 is surrounded by the 
spacers 142, 150 formed by silicon nitride, a passivation 
layer 152, and a liner oxide layer 138 formed by silicon 
oxide for isolating the polysilicon conductive layer 144. As 
shown in Fig.l, the polysilicon conductive layer 144 is 
electrically connected to a contact plug 156' for control- 
ling the vertical transistor 168. The annular drain 136 is a 
heavily doped ion implantation area located in the sub- 
strate 110 near the liner oxide layer 138 and circularly 
encompasses the trench sidewall 164. The annular drain 
136 is electrically connected to a contact plug 156 for 
transferring bit line signals. 
[0016] The present invention vertical DRAM 100 further com- 
prises a passivation layer 152 for protecting the elements 
in the substrate 110, an inter layer dielectric(ILD) layer 



154 covering the substrate 110, contact plugs 156 and 
156' set in the ILD layer 154 respectively electrically con- 
nected to the annular drain 148and the polysilicon con- 
ductive layer 144, and a plurality of metal lines 
158electrically connected to the contact plugs 156, 156' 
for serving as a word line and a bit line or being electri- 
cally connected to other elements of the DRAM 100. 

[0017] please refer to Fig. 2 to Fig. 10. Fig. 2 to Fig. 10 are 

schematic diagrams of the fabrication method of the ver- 
tical DRAM 100 shown in Fig.l according to the present 
invention. At first, a first ion implanting process is per- 
formed to form the P-type well 112 in the substrate 110. 
And a second ion implanting process is performed to form 
a buried plate 114 in the P-type well. A pad oxide layer 
116and a pad nitride layer 118 are then sequentially 
formed on the surface of the substrate 110. After that, a 
photolithography-etching process (PEP) is performed to 
form the deep trench 120 in the substrate 110. 

[0018] please refer to Fig. 3, a chemical vapor deposition (CVD) 

process is performed to deposit a first dielectric layer 122 
on the surface of the substrate 110 and the deep trench 
120, and then a first doped polysilicon layer 124 is 
formed on the first dielectric layer 122. Referring to Fig. 4, 



a recess etching (RE) process is performed to remove a 
portion of the first doped polysilicon layer 124and the 
first dielectric layer 122 to form a capacitor dielectric layer 
122' in the lower trench portion 162 of the deep trench 
120 and a storage node 124' encompassed by the capaci- 
tor dielectric layer 122'. In another embodiment of the 
present invention, the capacitor dielectric layer 122' may 
be an oxide-nitride (ON) dielectric layer or other materials 
with a high dielectric constant. 
[0019] please refer to Fig. 5. An arsenic doped polysilicon 

(As-doped poly) layer (not shown) is deposed on the side- 
wall of the deep trench 120. Then, a portion of the As- 
doped poly layer is removed to leave the As-doped poly 
layer 126 on the capacitor dielectric layer 122' and the 
storage node 124'. It can be done by depositing a pho- 
toresist layer after the As-doped poly layer is formed, 
performing an etching-back process to remove a portion 
of the photoresist layer so that the remaining photoresist 
layer has a predetermined thickness, performing a wet 
etching process to the As-doped poly layer, and removing 
the remaining photoresist layer. Then, a heat diffusion 
process is performed to diffuse the arsenic ions of the As- 
doped poly layer 126 into the substrate 110 next to the 



As-doped poly layer 126. Therefore a first ion diffusion 
area, the annular source 128, encompassing the deep 
trench 120 is formed. After that, the As-doped poly layer 
126 on the storage node 124' is removed, only a strap of 
the As-doped poly layer 126 above the capacitor dielectric 
layer 122' on the trench sidewall 164 being left, which is 
the buried strap 126', as shown in Fig. 6. 
[0020] please refer to Fig. 6. A source-isolation oxide layer 130 is 
formed in the deep trench 120 for isolating the annular 
source 128 and other conductive material in the deep 
trench 120. The source-isolation oxide layer 130 can be 
formed by performing a CVD process to deposit an oxide 
layer in the deep trench 120, forming a photoresist layer 
on the oxide layer, then, etching back the photoresist 
layer, performing a wet etching process and a dry etching 
process by using the remaining photoresist layer as a hard 
mask to remove a portion of the oxide layer, and remov- 
ing the remaining photoresist layer. On the other hand, 
the source-isolation oxide layer 130 also can be formed 
by performing a high density plasma (HDP) process to de- 
posit an oxide layer in the deep trench 120 and an 
isotropic etching process to etch back the oxide layer to 
form a source-isolation oxide layer 130. After the source- 



isolation oxide layer 130 is formed, an oxidation process 
is performed to oxide the trench sidewall 164 above the 
source-isolation oxide layer 130 so as to form the cylin- 
drical gate dielectric layer 132. Second doped polysilicon 
layer (not shown) is deposited on the substrate 110. Then, 
a CMP process and a RE process are performed to remove 
a portion of the second doped polysilicon layer so that the 
surface of the second doped polysilicon layer is lower than 
the surface of the substrate 110, and therefore the gate 
conductive layer 134 is formed. A wet etching process is 
then performed to remove a portion of the cylindrical gate 
dielectric layer 132 located above the gate conductive 
layer 134 so as to expose the top trench sidewall 164 
near the surface of the substrate HO.AnAs-doped poly 
layer(not shown) is formed, and a heat diffusion process is 
then performed to diffuse the arsenic ions of the As- 
doped poly layer into the exposed trench sidewall 164 and 
the substrate 110. Therefore a second ion diffusion area, 
the annular drain 136, is formed. After that, the As-doped 
poly layer is removed. 
[0021] please refer to Fig. 7. A liner oxide layer 138and a liner ni- 
tride layer 140 are sequentially deposited on the surface 
of the substrate llOand the deep trench 120. Referring to 



Fig. 8, an an-isotropic process is performed to remove a 
portion of the liner nitride layer 140 to expose a portion 
of the liner oxide layer 138 and form a spacer 142 on the 
sidewall of the liner oxide layer 138 and the upper portion 
of the deep trench 120. An dry etching process is then 
performed to remove the liner oxide layer 138 not cov- 
ered by the spacer 142 to expose the gate conductive 
layer 134 in the deep trench 120. After that, a third doped 
polysilicon layer is filled into the deep trench 120 so as to 
form the polysilicon conductive layer 144, wherein the ex- 
posed polysilicon conductive layer 144 is electrically con- 
nected to the gate conductive layer 134. 
[0022] Referring to Fig. 9, a STI 146 is formed in the substrate 

110 near the deep trench 120. It can be executed by per- 
forming a PEP to form a shallow trench near the deep 
trench 120, forming an isolation layer on the substrate 
110 and filling the isolation layer in the shallow trench, 
and finally performing a CVP process by taking the pad 
nitride layer 118 as the stopping layer. Then, the pad ni- 
tride layer 118 is removed. An ion implanting process is 
performed at the exposed pad oxide layer 116 so as to 
form a heavily doped ion implantation area at the second 
ion diffusion area, which overlaps the annular drain 136. 



After that, a nitride layer (not shown) is formed. A sidewall 
etching process is then performed to remove the nitride 
layer and a portion of the STI 146 so as to form the spacer 
150 on the sidewall of the liner oxide layer 138and the STI 
146. 

[0023] please refer to Fig. 10. A nitride layer is formed on the sur- 
face of the substrate 110 for being a passivation layer 
152. An ILD layer 154 is deposited on the substrate 110 
with a material of silicon oxide or other dielectric materi- 
als. Then, a PEP is performed to form a plurality of contact 
holes in the ILD layer 154 and the passivation layer 152 so 
as to expose a portion of the annular drain 136 and the 
polysilicon conductive layer 144. A metal layer or a doped 
polysilicon layer is filled in the contact holes to form the 
contact plugs 156, 156'. Finally, according to the circuit 
design of the DRAM, other elements can be continuously 
fabricated on the surface of the substrate 110. For exam- 
ple, the following processes may comprise depositing a 
metal layer 158, performing a PEP to remove a portion of 
the metal layer 158, and electrically connecting the re- 
maining metal layer 158 to the contact plugs 156, 156', 
wherein the metal layer 158 can be used as a bit line, a 
word line, or a conductive element for other DRAM ele- 



merits. Therefore the vertical DRAM 100 in Fig.l is com- 
pleted. 

[0024] | n contrast to the prior art, the present invention vertical 
DRAM has a deep trench capacitor arranged in a stag- 
gered configuration with respect to the STI. Therefore the 
vertical transistor has an annular channel for gaining a 
higher sufficient current. Furthermore, the present inven- 
tion vertical DRAM has asymmetric contact plug structure 
on the gate and annular drain. As shown in Fig.l, the con- 
tact plug 156 is located across on the STI 146and the an- 
nular drain 136, and the contact plug 156' is located at 
the right side on the gate conductive layer 144. Therefore 
it can be fabricated by a self-alignment process so as to 
increase the process window. 

[0025] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



